give an authoritative opinion on the frequency with which such lesions can be demonstrated and with what accuracy one can differentiate the one type from the other. Improvement ofPathological Diagnosis by Isotope Encephalography For the last ten years Professor Planiol of Paris has been using a technique which consists basically in recording the degree of uptake of the isotope in a given mass over time. Thus, for example, one counts the gamma emission at say one hour after injection of the isotope; repeat counts are then made at later times, say three hours and twenty-four hours, depending upon the isotope used. By this means Planiol has been able to achieve a high percentage of accuracy in differentiating three of the commonest massesastrocytomas, meningiomas and metastases.
Dr Douglas Gordon
(West End Hospital for Neurology and Neurosurgery, London)
The Limitations and Uses of Ultrasound in Localizing Cerebral Lesions Though Dussik tried to demonstrate the ventricles with ultrasound as early as 1942, using a transmission technique, Howry in Denver, Colorado, was the first to apply the pulse-echo technique successfully in medicine. Howry described his work on soft tissues in 1952 but did not mention the application to the skull.
The first workers in Europe were Durden Smith and Walton, radiotherapists at the Royal Cancer Hospital, London, whose early efforts were developed by the physicists Turner and 'Spalding Smith at the same hospital. The exhibit at the Physical Society's Exhibition in 1954 was the first public demonstration of echoes from the brain through the unopened skull. The first paper to a medical audience was given at the Symposium Neuroradiologicum in London in
1955.
These and all other diagnostic techniques in clinical use are developments of the industrial flaw-detector used to test masses of metal nondestructively.
In the pulse-echo techniques it is necessary to produce a very short burst of ultrasonic activity so that the echo from one reflecting surface will die away before the echo from the next begins. This is achieved by applying a very sudden electrical potential to a crystal to produce stress in it and by damping it by a mechanical and an electrical load to cause the energy to be rapidly dissipated.
When an echo strikes a crystal, it produces a potential that follows the same outline when viewed on an oscilloscope as did the original transmission pulse, though of course the voltage is very much smaller. The simplest way to observe these pulses is in amplified but otherwise unchanged form ( Fig 1A) .
The first modification is to rectify this alternating potential so that it appears as in Fig 1B. This still gives a rather blurred indication, so smoothing is applied as in Fig Ic which gives a sharper outline that is much easier to observe.
If, however, excessive smoothing is used, as in Fig ID, the pulse length appears to be artificially elongated. This impairs discrimination in distance for two targets. It is, however, possible to employ a different method of display with signals that resemble a television picture rather than an ECG tracing. Here the signal causes brightening of a trace which would otherwise not be visible, so there is a bright spot on the screen which can be located in such a way that the place where the bright spot appears corresponds to the position in the body from which the echo originated ( Fig IE) . Thus by moving the probe and the trace in exact proportion a cross-sectional 'plan position indication' is built up, comparable with the map of the ground below thrown on the screen of an aeroplane's radar equipment.
Where this type of presentation is used it is preferable by electronic methods to discard all but the beginning of each echo signal, as in Clinical Use of Hand-held Probe When the probe is applied to the temporal region of a patient, the powerful transmission pulse has not finished before the echoes begin to return from the bone surfaces both external and internal. Furthermore, reverberation occurs between these surfaces as it does in a large public building, producing a confused jumble of echoes that defies analysis. It is therefore impossible with most apparatus to obtain any dependable information from the subarachnoid space or the superficial part of the hemisphere on the side of examination. Once the 'main bang' has died away, echoes can be detected that correspond to structures within the cranial cavity, then to the far side of the skull and even from the skin surface beyond.
The limitations of ultrasound were put before the uses in the title of this paper because it must be conceded that with the hand-held probe it is not possible to localize a cerebral lesion through the unopened skull.
The fundamental phenomenon that controls echo interpretation is the effect of obliquity. When the rays are reflected back by a surface perpendicular to their direction of propagation, the maximum amount of energy returns to the crystal. When there is obliquity, the echo fails to return to the probe and in consequence is not detected.
Before attempting to use an ultrasonic equipment on patients, it is a salutary discipline to 50 study the echoes obtained from simple geometrical test objects in a tank of water.
When one tilts a flat surface, of infinite size compared with the beam, an angle of 4 degrees reduces an echo to one five-hundredth of its power when normal.
Thus it will be seen that a small surface when normal to the rays will give a much better echo than a large surface that is tilted. To find any surface it is therefore necessary to tilt the probe in two planes so as to bring as many surfaces as possible into optimum relation.
Thus those surfaces, like the walls of the third ventricle, the septum and the lower part of the longitudinal fissure, which lie parallel with the skin of the temple, can be detected readily while large surfaces like the tentorium and the falx cannot be detected at all.
The easiest echo to identify is that from the inner table on the far side, the next in order being the mid-line whether from third ventricle, septum or longitudinal fissure, the lateral walls of the lateral ventricle, the temporal horns, the skin on the far side and then a multiplicity of other Mid-line echoes are very variable in their size so that, though at any given moment the mid-line may not give the largest echo, there can be little difficulty in establishing it as the one that appears most often and at times reaches the largest amplitude.
It will now be realized how subjective the interpretation must be. There can be no doubt that with much practice an enthusiast can eventually achieve a much higher accuracy of interpretation than the beginner. It is unreasonable to assess the value of the method on the very high accuracy obtained by Ambrose in London or de Vlieger in Rotterdam. A more reliable indication of what can be obtained by those taking up the method as tyros is given by an analysis of our cases since obtaining a Sperry Reflectoscope in the summer of 1963 ( Fig 2) . The apparatus previously available was too limited as regards sensitivity and the size of the screen to give a fair test.
Results
The series comprises 110 examinations in 100 patients.
After omitting 26 cases in which the subsequent history is unknown, where the examination is too recent for errors to have come to light, where the abnormality was known at the time of examination or where some organ other than the brain was being investigated, 74 cases remain for analysis.
These are divided into 'positives' or 'negatives' according to whether the mid-line echo was more or less than 3 mm from the centre of the skull. They were also divided into 'true' or 'false' according to whether the opinion expressed was confirmed by the subsequent course of the case.
The strength of this evidence varies from full neuroradiological and neurosurgical investigation to the discharge of a mild head injury case without further special investigation and the absence of any legal or other action to indicate the inaccuracy of the diagnosis.
Of the 74 cases, one of which was examined twice, 49 are classified as true negatives. Two cases were false positives which will be discussed later. Twenty-two cases were true positives. One case was a doubtful negative and no case was a false negative.
One false positive arose because the largest echo was produced by what proved to be the medial surface of a posterior horn which was thought to be the back of a displaced septum. The other false positive was a mental defective with a normal air study where no satisfactory mid-line echo was obtained at all, so, in order to 63 err on the safe side, the examination was regarded as having a positive result.
The doubtful negative case was one where the mid-line was not displaced but the patient showed evidence of multiple metastases in brain. As no neuroradiological investigation was performed it is not known if the metastases were displacing the mid-line or not.
The 22 true positives are divided into 5 cases of tumour, 5 cerebral vascular accidents, one cystic hygroma and 11 cases of traumatic hmmatoma of which 6 were examined more than once. In the latter cases, though the first examination showed a displacement, the later examination showed a return to normal.
Discussion
Viewing the series from a clinical standpoint the most striking observation is that the cases where the ultrasonic investigation played a significant part in their handling were all to be found among the 55 patients seen at Willesden General Hospital. This is due to the fact that it is necessary to transfer a patient to the Central Middlesex Hospital for a neurosurgical opinion or for neuroradiological investigation.
At the West End Hospital for Neurology and Neurosurgery the examination is, at best, used to reinforce the clinician's decision that air studies or angiography are not justified in a particular case. At Willesden, however, there have been several cases where patients after head injury would have been discharged home next morning had a significant shift not been demonstrated by ultrasound. These are the cases that are observed on more than one occasion and only discharged when the shift has disappeared.
In cerebral vascular accidents ultrasound helps to differentiate between the vascular occlusion and the vascular rupture leading to hoematoma formation.
The case of cystic hygroma was perhaps inevitably assumed to be a hmmatoma but this was a case that otherwise might well have been sent home.
In several cases of tumour the wrong shift was diagnosed. This is because the tilting of the midline in such cases makes it difficult to detect, while the lateral wall of a lateral ventricle may come to lie perpendicularly and thus be easily detected.
In some cases mid-line echoes are much easier to detect from one side than from the other. Yet the temporal bone appears to be of equal thickness on the two sides. This phenomenon has been noted by many other workers and is not satisfactorily explained. It is always wise in such cases to employ a 1 megacycle probe as well as the more usual 2 megacycle probe. 5l Scanning Technique At the Symposium Neuroradiologicum held in New York in September 1964, and in the course of an extensive tour of the USA and Canada immediately afterwards, it was possible to examine about half a dozen scanners that have been developed by commercial firms and teams of research workers, trying to apply to the skull the ultrasonic tomography technique developed by Howry. Howry's compound scanning technique permits a very great improvement in the resolving power of an ultrasonic beam. It is astonishing that a beam of the order of two centimetres in width can demonstrate the lumen of the carotid artery (Fig 3) . This is possible because with a compound scan only the intersections of several scans are recorded photographically. Howry himself long ago discovered that the refraction and attenuation caused by the skull degraded the performance to an unacceptable extent.
In the decade since this first attempt some progress has been made through technical improvements in transducers but the basic problem is quite unaltered. Very large vascular tumours have been demonstrated in children with scanners, but the ultrasonic beam is unlikely to provide a diagnosis not obtainable better by other means.
The machine developed at Ottawa by White and Makow is of quite exceptional ingenuity and would certainly prove extremely expensive but is not expected even by its originators to produce results that would compare with X-ray investigations.
The simpler scanners employed in America are using the technique applied by Wild to the breast as long ago as 1950 but their ability to produce more information than can be obtained by the hand-held probe is very doubtful.
Ultrasonic Stereotaxis
The third method is by far the most recent and the most accurate. This is a surgical technique applicable at craniotomy or at laminectomy but not so far used on patients. It has, however, been used many times on animals and, in view of its achievements in a few months, it holds out the brightest hopes oftrue ultrasonic localization. This development arose almost by accident in the course of experiments aimed at using ultrasound as a destructive agent at high power to produce trackless lesions in the central nervous system. This technique was developed by Fry at the University of Illinois and by Ballantine at Boston using focused transducers. A flat quartz plate and a plastic plano-concave lens was the type most commonly used but the series of operations on patients by Fry and Russell Meyers involved an array of four such focused transducers with their foci superimposed.
The synthetic ceramic materials made it possible to construct bowls ground to spherical curvatures which have a constant focus and greatly reduce the complexity of the equipment required.
The new technique arose from the need to establish the position of the focus accurately so that it could be set to the position indicated by the test gauge with which it is interchangeable (Fig 4) . It occurred to me that if the focused transducer were used with the pulse-echo apparatus and a steel sphere used as target, the largest echo would occur when the centre of the sphere was at the centre of the focus. As soon as the two Fig 4 Ultrasonic transducer for neurosurgery and pointer centres are separated by even a very small amount the rays are reflected back along different paths and few reach the transducer. Experiment rapidly confirmed the truth of this and it was a simple matter to establish that the focus was correctly located. The stereotaxic apparatus developed for use on cats employs a combination of the Horsley-Clark co-ordinates and the Bennett stereotaxic apparatus used in the surgery of parkinsonism. Craniotomy is performed with a clear operating field and then the transducer supports are placed in position. Even though the transducer is tilted in two planes to make the best use of the craniotomy opening ( Fig 5) this does not alter the relation of the focus to the Horsley-Clark coordinates.
The focus can be moved by lathe parts on Cartesian co-ordinates and in the current equipment its position can be read on verniers to 0-1 mm in all three axes.
Once it was realized how precisely a steel sphere could be located in vitro, inevitably the technique was applied in vivo. It was found that the contour of the cerebral cortex could be traced in the cat as far as the longitudinal fissure and then lost. Next the echo of the sagittal sinus could be identified and then the surface of the other hemisphere.
Immediately, one adopted the sagittal sinus as the landmark to indicate the mid-line. Unfortunately the pulse length was so long that no echoes from deeper structures could be obtained while using the old apparatus then available. However, with the Sperry Reflectoscope it was possible by electronic methods to obtain a short enough pulse from a standard surgical transducer to permit echoes to be obtained from the lateral ventricles.
Further research is in progress to improve the technique and the immediate objective is for a cross-sectional picture to be automatically recorded showing all surfaces in enlarged scale. Ultimately, with the refined technique now possible, the interfaces between grey and white matter may well be detectable with consequent greatly improved anatomical knowledge.
The results obtained in over 400 cases of parkinsonism operated upon at the West End Hospital by Mr L C Oliver are so good that it is unlikely that ultrasound will replace the present technique in this condition. However, in conditions like gliomata of the dominant hemisphere, even pontine gliomata, and particularly in tractotomy, ultrasonic surgery has great advantages. In particular, ultrasound spares the blood vessels while destroying white and grey matter (Fig 6) .
Conclusions
The hand-held ultrasonic probe has a useful but limited part to play in the preliminary investigation of neurological and neurosurgical cases, its particular value being in detecting cases requiring further investigation by other methods. It is also valuable as a method of measuring progress. It is not, however, an acceptable method of localization of intracranial lesions in the great majority of cases. Its value is greatest in indicating which side should be explored first in trauma.
Owing to the technical problems produced by the skull vault, scanning techniques do not increase the information available sufficiently to justify the increased cost and space involved.
The highly focused transducer permits the localization of small structures within the body with a greater accuracy than can be obtained with any method except the optical. It can be expected to play an important part in investigating the brain at craniotomy. Introduction I discuss here some of the problems and pitfalls of conventional scanning and indicate trends and developments which may be of value in clinical applications.
The principles of cerebral scanning can be illustrated by considering a simplified phantom of a water tank, the size of a head, containing a small tumour of radioactive concentration CT, the tank containing a concentration CQ, equivalent to the level of radioactivity in the surrounding regions of the head. Ideally the scanning machine is intended to display the pattern of gamma-ray intensity across a plane in the body containing the tumour. In practice it only displays, rather imperfectly, the pattern of gamma-ray intensity emerging from the body. The change of intensity at the surface over the tumour depends on factors such as: (1) The concentration ratio CT/CS. (2) The size of the concentrating region. (3) The absorption and scatter of the gamma-rays both in the tissues between the tumour and the surface, and in the surrounding tissues. (4) The depth of the tumour: the greater the depth, the smaller the intensity difference.
As a result of these factors the change of intensity at the surface is smaller than the concentration ratio, and is often as small as 10-20%.
The scanning machine, which consists of three main parts, detects this intensity change with a scintillation detector and collimator, and presents it as a change of count rate as the counter is moved over the tumour, the amount depending on its overall sensitivity and resolution; these, in turn, depend on the crystal size and collimator design. Collimators are, nowadays, a series of conical holes in a thick lead block placed beneath the crystal, the axes of the holes all meeting at a point, known as the 'focus', in front of the collimator. The properties of these multichannel collimators are dependent on the number of holes, the size of hole and the focal length.
A counter with high sensitivity will give a larger count rate change over the tumour than one with low sensitivity, whilst one with a good resolution, although it will give better delineating properties, will have a lower sensitivity. The design of a counter is thus a compromise to obtain the highest sensitivity with the lowest (best) resolution.
The second part of the scanning machine involves the transfer of count rate and position information from the counter to the display: the display is the third part, which in turn conveys the information to the eye. Information is lost in each process.
For the simple displays, a region of increased count rate is shown as a region of increased number of marks per unit area, the increase being linearly related to the count rate from the detector. A good display system will show an appreciable change of mark density for the change of count rate over the tumour and the tumour will be perceived. A display system with poor contrast will not show a visible change of mark density. The change of density which the eye can perceive can be shown by experiment to depend on the area of the increased density and also on the background density, so that back-
